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Background: Central venous (CV) catheters play an essential role in the management of critically ill patients in the 
Intensive Care Unit (ICU). CVlines are, however, allied to catheter-associated blood stream infections. Bacterial colonization 
of CV lines is deemed the main cause of catheter-associated infection. The purpose of our study was to compare bacterial 
colony counts in the catheter site before CVline insertion in two groups of post-cardiac surgery patients: a group receiving 
Sanosil (an antiseptic agent composed of H 2 0 2 and silver) and a control group. 

Methods: This interventional prospective double-blinded clinical trial recruited the patients in three post-cardiac surgery 
ICUs of a heart center. The participants were divided into interventional (113 patients) and control (136 patients) groups. 
Sanosil was added to the routine preparation procedure (Chlorhexidine bath one day before and scrub with Povidone-Iodine 
just before the CV line insertion). After the removal of the CVlines, the catheters tips were sent for culture and evaluation of 
colony counts. 

Results: Catheter colonization occurred in 55 (22.1%) patients: 26 (23%) patients in the Sanosil group and 29 (21.3%) in 
the control group; there was no significant statistical difference between the two groups (p value — 0. 75, RR = 1.05, 95%CI: 
0. 76-1.45). The most common organism having colonized in the cultures of the catheter tips was staphylococcus epidermis: 
20 cases in the control group and 16 cases in the intervention group. 

Conclusion: Catheter colonization frequently occurs in post-cardiac surgery patients. However, our results did not 
indicate the effectiveness of adding Sanosil to the routine preparation procedure with respect to reducing catheter bacterial 
colonization. 
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Introduction 

Central venous (CV) catheters play an essential role in 
the modern management of critically ill patients, especially 
in the Intensive Care Unit (ICU). An estimated 5 million 
CV lines are used in the USA hospital wards per year. 1 
Intravenous catheters are utilized for the management of 
fluids, drugs, nutritional products, and monitoring of central 
vascular pressure. Be that as it may, CV lines are associated 
with catheter bacterial colonization (20-49%), which may 
cause blood stream infection (bacteremia or sepsis) (3- 
7%). 2 7 Catheter-associated blood stream infection (CABSI) 
accounts for a mortality incidence rate of about 20% and could 
not only lengthen hospital stay for up to one week but also 
impose extra hospitalization costs. 8 As a result, it is of vital 
importance that a remedy be found to reduce the bacterial 
colonization allied to CV lines. There are some principal 
risk factors for CABSI such as duration of catheterization, 
catheter insertion sites, number of lumens, type of the 
intravenous fluid, type of the skin disinfectant, nursing, and 
underlying diseases like diabetes and malignancy. 9 ' 11 

CABSI canbe reduced with topical operational antiseptics 12 
and disinfectants, which are known to decrease resident flora 
bacteria. 13 In recent years, many different antimicrobial 
products have become available for use as antiseptics (on skin 
and live organs) and they have revolutionized the traditional 
methods of infection control. 14 One of these novel concepts is 
the use of silver-containing products as antiseptic agents. 15,16 
Silver has an inhibitory effect on bacterial replication due to 
its DNA binding properties; it is an effect that can last for 
thirteen days after the application of silver on a surface. 17 

Sanosil is an antiseptic agent, composed of H,0 2 and 
silver. Sanosil can draw upon its main component, H,0 2 , for 
the destruction of bacteria, spores, and biofilms. 18 There has 
been some research on the antibacterial efficacy of Sanosil. 
For example, Szymanska 19 in 2003 showed a decrease in 
viral infectivity and bacterial load within the dental water line 
system after the addition of Sanosil. Yousefshahi et al. 20 in 
2009 demonstrated that Sanosil could lessen contamination 
risk in the ventilation tubes of the ICU patients. 

Given that the bacterial colonization rate of CV lines is 
regarded as one of the main causes of CABSI, we sought to 
compare bacterial colony counts in the catheter site before 
CV line insertion in two groups of post-cardiac surgery 
ICU patients: a group receiving Sanosil (an antiseptic agent 
composed of H 2 0, and silver) and a control group. 

Methods 

Approval for this interventional prospective double- 
blinded clinical trial was granted by the Ethics Committee of 
Tehran University of Medical Sciences. Three post-cardiac 
surgery ICU wards of a heart center were participated in 



this survey on account of the fact that the patients in these 
units had CV line catheters for the measurement of their 
central venous pressure. The participants were divided into 
interventional (113 patients) and control (136 patients) 
groups. The CV lines used in this study were double lumen 
catheters. 

The patients enrolled were: 1) all patients candidated for 
open heart surgery in Tehran Heart Center who granted 
consent for participation in the study; 2) all patients for 
whom the catheter was inserted for a minimum period of two 
days; and 3) all patients without any evidence of infection at 
the time of admission. Patients fulfilling the aforementioned 
criteria were divided into two groups of intervention and 
control. Patients were excluded if there was sepsis on arrival, 
obvious evidence of infections such as pneumonia, CV line 
insertion site other than the internal jugular vein, or catheter 
exchange prior to post-cardiac surgery ICU admission. The 
other exclusion criteria were having a catheter for less than 
48 hours and not being admitted to the post-cardiac surgery 
ICU for any reason. 

As a routine, first the patients took a shower and then the 
bacterial colonization rate was minimized by having them 
bath with Chlorhexidine 2%. 

About half an hour to one hour before surgery, all the 
patients were separated into the intervention and control 
groups based on simple randomization and entry sequence 
to the pre-operation room. Each day, a simple coin 
randomization technique was used to determine the group 
for the first patient and the spraying of pure water or Sanosil 
2% on the catheter location (from the upper chest to the 
mandible). Subsequently, odd and even numbers were used 
to determine the group of the other patients. This process 
was performed by a trained nurse, who also recorded date 
and time and the type of solution sprayed for each patient. 
Both spray bottles were similar in shape and cover. Sanosil 
does not have any color or smell and is similar to water, and 
the patients were blinded to the study. 

In the operating room, sterile gloves were used, and the 
catheterization area was covered with a sterile gown. The 
area was disinfected by scrubbing it with gauze soaked in 
10% Povidone-Iodine, starting from the site of catheter 
insertion and then moving outward in a circular motion. This 
process was repeated with two more pieces of gauze. No other 
antibacterial solution or ointment was applied on the site of 
catheter insertion or the catheter itself. For all the patients, 
double lumen catheters were inserted by anesthesiologists, 
blinded to the group type of the patients. The site of the CV 
line was determined via an anterior approach to the right 
internal jugular vein, and the skin was penetrated at the 
apex of the anterior triangle, formed by the clavicle and the 
two heads of the sternocleidomastoid muscle. The catheters 
were sutured in place and the area was covered with sterile 
dressing. 

In the operating room and before extubation and at least 
^^^^^^^^^^^n The Journal of Tehran University Heart Center 71 



J Teh Univ Heart Ctr 8(2) 



APRIL 28, 2013 



http://jthc.tums.ac.ir 



The Journal of Tehran University Heart Center 



Fardin Yousefshahi et al. 



during the first eighteen hours of ICU stay, the central venous 
pressure was measured continuously and digitally through 
the CV line. However, after the transfer of the patients to 
the post-cardiac surgery ICU, the measurement of the central 
venous pressure was carried out intermittently and manually 
with a ruler. 

Each day, two trained ICU nurses, blinded to the group 
type of the patients, collected the tips of five removed 
catheters aseptically via a simple randomization technique 
and sent them to the laboratory for the bacterial culture of 
both the outside and inside of the tube. 

When a bed was not occupied or when a patient was 
excluded, the last number was replaced. The post-cardiac 
surgery ICU patients were treated with intensive care 
medicine irrespective of their group types. In the post-cardiac 
surgery ICU, the infusion of most of the medicines was done 
through the CV line and based on the standard criteria. Data 
on the type and duration of antibiotic therapies, creatinine 
clearance, urinary output, total parenteral nutrition therapies, 
recurrent surgery, reintubation, blood pressure, laboratory 
results, and presence of any infection signs and symptoms 
(fever >38 °C, chills, and shivering), sepsis, pneumonia, or 
CV line insertion site infection were recorded on standard 
data collection sheets by expert nurses. 

Each day, the patients were evaluated for any evidence of 
infection signs in the post-cardiac surgery ICU. Sepsis was 
diagnosed on the basis of the Centers for Disease Controland 
Prevention (CDC) criteria. In the presence of any sign 
of infection in the patients, 5 cm of the catheter and the 
peripheral blood were cultured. 

Before the transfer of the patients to the general wards, the 
catheters were removed and the culture of their tip was sent 
to the laboratory. 

The distal end of the catheter was held over a sterile 
container and the last 5 to 6 cm was cut with sterile scissors. 
The specimen was not placed in saline or a transport medium, 
and the container was sealed and transported to the central 
laboratory within one hour. The tips were laid on Blood Agar 
Plates (BAP) and rolled back and forth across the entire 



surface and then placed into thioglycollate broth. 

Normal distribution of the continuous variables was 
assessed via the Kolmogorov-Smirnov test; and because 
there was no normality, the continuous variables were 
compared between the control and intervention groups via 
the Mann- Whitney test. The independent t-test was employed 
for the normal variables, and the qualitative variables were 
compared between the two groups with the chi-squared test. 

The efficacy of our intervention, on the basis of the results 
of the bacterial colonization rate of the C V lines, was reported 
by using relative risk with a 95% confidence interval (CI). For 
the statistical analyses, the statistical software SPSS version 
16.0 for Windows (SPSS Inc., Chicago, IL) was used. 



Results 

Totally, 249 CV catheters were installed for 249 patients in 
three post-cardiac surgery ICU wards. The study population 
was divided into intervention and control groups. The CV 
line was reinserted for 4 patients, and 2 patients had CV line 
insertion sites other than the internal jugular vein; the latter 
were excluded from the study. Five samples were excluded 
before culture because of disarrangement. 

There was no meaningful difference between the control 
and intervention groups in age, sex, body mass index 
(BMI), last creatinine before surgery, diabetes mellitus, 
type of surgery, days between hospitalization and CV line 
insertion, days between insertion and removal of the CV 
line, cardiopulmonary pump time, total parenteral nutrition, 
inotropes use on admission day, balloon pumping on the first 
day of admission in the ICU, reoperation, re-intubation, and 
reason for CV line removal (Tables land 2). 

None of the patients in either group had any evidence 
of sepsis, pneumonia, and ulcer infection during the study 
time. The CV lines were removed in only 5 patients because 
of the presence of fever (>38 °C) in at least two separate 
measurements: 3 patients in the control group and 2 in the 
intervention group (p value = 0.81). Among these 5 (2%) 



Table 1 . Baseline characteristic of the patients 



Age (y)* 

Days between insertion and removal of the CV line* 

Days between administration in hospital and insertion of the CV line* 

Creatinine (mg/dl)** 

Body mass index(kg/m 2 )** 

Cardiopulmonary pump time (min)** 



Continuous variables 
Baseline characteristic according in both groups 



No Intervention group 
(n=113) 

57.0(51.0-64.0) 

3.0 (2.0-3.5) 

7.0 (6.0-7.0) 

0.9 (0.8-1.1) 

25.7 (4.4) 

82.5 (31.7) 



Interventiongroup 
(n=136) 

60.0 (53.0-68.0) 

3.0 (2.0-4.0) 

7.0 (6.0-7.0) 

1.0(0.8-1.2) 

26.7(3.9) 

66.5 (24.8) 



P value 

0.17 
0.14 
0.53 
0.44 
0.06 
0.16 



'Data are presented as median (interquartile range) 
"Data are presented as mean±SD 
CV Line, Central venous line 
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Baseline characteristic in both groups 



No Intervention Intervention P value 

(n=113) (n=136) 



32(23.5) 27(23.9) 

104(76.5) 86(76.1) 

102(75.6) 81 (72.3) 

9 (6.7) 9 (8.0) 

20(14.8) 17(15.2) 
4 (3.0) 5 (4.5) 

128(94.8) 109(96.5) 

7 (5.2) 4 (3.5) 

91 (66.9) 84(75.0) 

45 (33.1) 28(25.0) 

122 (89.7) 100(88.5) 

14(10.3) 13(11.5) 

134 (98.5) 108 (95.6) 
2(1.5) 5(4.4) 

135 (99.3) 113 (100) 
1 (0.7) 0 

135 (99.3) 113 (100) 
1 (0.7) 0 

131 (97.8) 109(98.2) 
3(2.2) 2(1.8) 



0.95 



0.89 



0.53 



0.16 



0.76 



0.16 



0.54 



0.36 



0.81 



Table 2. Comparison of the qualitative variables between the two groups* 



Sex 

Female 

Male 
Type of surgery 

CABG 

CABG + Valve 

Valve 

Congenital 
Total Parenteral Nutrition (TPN) 

No 

Yes 
Diabetes 

No 

Yes 

Inotropes on admission day 
No 
Yes 

Balloon pumping in the first day admission in ICU 

No 

Yes 
Reoperation 

No 

Yes 
Re-intubation 

No 

Yes 

Reason for CV line removal 

Transfer to non-critical care wards 
Fever >38 °C 
"Data are presented as n (%) 

CABG, Coronary artery bypass graft; ICU, Intensive care unit 

Table 3. Comparison between the two procedures 

No Intervention Intervention 

Result of Culture 

Negative 107 (78.7%) 87 (77.0%) 

Positive 29(21.3%) 26(23%) 

patients, there were 2 positive CV line cultures with 
staphylococcus hemolyticus: one in the intervention group 
and the other one in the control group. In the other patients, 
the catheters were removed routinely after transferring the 
patients to the normal surgery ward for preparation before 
discharge. 

Table 3 introduces 55 cases with positive cultures of 
catheter tips: 29 (21.3%) in the control group and 26 (23%) 
in the intervention group (p value = 0.75). Considering 



RR CI %95 P value 

1.05 0.76-1.45 0.75 



confounding factors in a stepwise logistic regression model, 
there was no significant statistical difference between the 
two groups (RR: 1.05, 95%CI: 0.76 - 1.45). 

The most common organism having colonized in the 
cultures of the catheter tips was staphylococcus epidermis: 
36 (65.5%) of all the positive cultures (20 cases in the control 
group, 16 cases in the intervention group). The other isolated 
microorganisms of the positive cultures were mainly gram- 
positives, including staphylococcus hemolyticus (9 [16.4%]), 

^^^^^^^^^^^n The Journal of Tehran University Heart Center 73 



J Teh Univ Heart Ctr 8(2) 



APRIL 28, 2013 



http://jthc.tums.ac.ir 



The Journal of Tehran University Heart Center 



Fardin Yousefshahi et al. 



staphylococcus aureus (2 [3.6%]), and streptococcus (1 
[1.8%]). Gram-negatives were found only in 4 patients (2 
in each group). There was no significant difference between 
the two groups regarding isolated microorganisms (P value 
= 0.454). 

Discussion 

CAB SI is one of the most important causes of mortality 
and morbidity, not least in the ICU patients, and could 
increase hospital stay and consequently hospitalization 
costs. It is, therefore, vitally important to reduce the rate 
of CABSI. To our knowledge, this is the first survey of its 
kind to use Sanosil as an antiseptic sprayed on the catheter 
insertion site. Our findings demonstrated no meaningful 
result in terms of reduction in catheter bacterial colonization 
after the addition of Sanosil to the routine preparation 
procedure (Chlorhexidine bath one day before and scrub 
with Povidone-Iodine) for CV line insertion in our center. 

We expected a meaningful difference between our new 
method and the classical one because of the characteristics of 
Sanosil and its component, silver, such as high disinfecting 
and sterilizing properties and long-lasting antimicrobial 
effects. 18 22 We also expected to see the synergistic effects of 
Sanosil with the routine antibacterial agents (Chlorhexidine 
and Povidone-Iodine) in our intervention group. There 
has been some research into the synergistic effect of some 
antimicrobial agents. For example, the synergistic effect 
between Chlorhexidine and the silver sulfadiazine-coated 
catheter was assessed and showed a reduction in the rate 
of CABSI. 2 - 21,22 It is worthy of note, however, that there is 
discrepancy in the results of the investigations conducted on 
such synergistic effects. 23 " 26 

The catheter colonization rate is high (about 22.1%) even 
during an average of three days after insertion in post-cardiac 
surgery patients, who are in a more controlled situation than 
are other ICU patients. 2 " 7 In cardiac surgery patients, bacterial 
colonization is even more worrisome because this group of 
patients is at risk for endocarditic and septic vegetation, 
both of which are catastrophic events. Furthermore, in the 
case of fever and sepsis workup, catheter colonization may 
complicate the situation for making a definite decision and 
lead to inappropriate antibiotic management and its undesired 
consequences. It is advisable that sufficient attention be paid 
to the prevention of catheter bacterial colonization before 
and during catheter insertion and subsequently during its 
usage. 

In the present study, there were only 5patients with fever 
(2% of all the patients). Such a low prevalence rate may not 
be of statistical significance, but the fact that there was a 
negative culture in the majority of these 5 patients (3 out of 
5) should raise the alarm about the specificity and sensitivity 
of the catheter culture in follow-up for fever in the post- 



cardiac surgery ICU patients. 

There are some probable reasons why we did not 
achieve meaningful differences between our two groups: 
1) It seems that the patient's skin could be recontaminated 
readily between the pre -operation and operating rooms; 
consequently, using Sanosil in the operating room rather 
than in the pre-operation room could be more effective. 2) 
The average time of catheter installation in our study was 
three days; while in other surveys, CABSI usually occurred 
after five days. 24 With respect to the lasting effect of Sanosil, 
further studies are required to evaluate the efficacy of Sanosil 
in long periods of catheterization. 3) There were no cases 
of sepsis and ulcer infection in this study; this may be in 
consequence of our low sample size. We would, therefore, 
suggest that similar surveys be undertaken with larger 
sample sizes in the future. 

Staphylococcus epidermidis was the most frequent 
organism in our study, and gram-negatives accounted for the 
minority of the cases among our patients. These findings are 
consistent with those reported by some previous surveys. 27 

Conclusion 

Our evaluation of bacterial colony count change after 
using Sanosil on the catheter site before insertion showed 
no significant differences between the two groups of patients 
in terms of either the frequency of positive cultures or the 
profile of isolated microorganisms. Consequently, we were 
unable to demonstrate that adding Sanosil to the routine 
preparation procedure (Chlorhexidine bath one day before 
and scrub with Povidone-Iodine at the time of CV line 
insertion) would be effective in reducing catheter bacterial 
colonization. 

Acknowledgment 

The authors would like to express their deep appreciation 
to the staff of Tehran Heart Center, Deputy Research 
Directorship at Tehran University of Medical Sciences, and 
Mostafa Qorbani (PhD candidate at Alborz University of 
Medical Sciences, Karaj, Iran and Department of Biostatistics 
and Epidemiology, Tehran University of Medical Sciences, 
Tehran, Iran) for their sincere collaboration. Many thanks 
are also due to the School of Medicine, Tehran University of 
Medical Sciences for support of this study. 

References 

1 . Maki DG. Yes, Virginia, aseptic technique is very important: 
maximal barrier precautions during insertion reduce the risk of 
central venous catheter-related bacteremia. Infect Control Hosp 



74 



J Teh Univ Heart Ctr 8(2) 



APRIL 28, 2013 



http://jthc.tums.ac.ir 



Can a New Antiseptic Agent Reduce the Bacterial Colonization Rate of Central . . . 

TEHRAN HEART CENTER 



9? 



species biofilm contamination in a laboratory model of a dental 
unit water system. Appl Environ Microbiol 2003;69:3327-3332. 
Veenstra DL, Saint S, Saha S, Lumley T, Sullivan SD. Efficacy 
of antiseptic-impregnated central venous catheters in preventing 
catheter-related bloodstream infection: a meta-analysis. JAMA 
1999;281:261-267. 

Logghe C, Van Ossel C, D'Hoore W, Ezzedine H, Wauters G, 
Haxhe JJ. Evaluation of chlorhexidine and silver-sulfadiazine 
impregnated central venous catheters for the prevention of 
bloodstream infection in leukaemic patients: a randomized 
controlled trial. J Hosp Infect 1997;37:145-156. 
Pemberton LB, Ross V, Cuddy P, Kroner H, Fessler T, Mc Gurk 
E. No difference in catheter sepsis between standard and antiseptic 
central venous catheters. A prospective randomized trial. Arch 
Surg 1996;131:986-989. 

Ciresi DL, Albrecht RM, Volkers PA, Scholten DJ. Failure of 
antiseptic bonding to prevent central venous catheter-related 
infection and sepsis. Am Surg 1996;62:641-646. 
Hannan M, Juste RN, Umasanker S, Glendenning A, Nightingale 
C, Azadian B, Soni N. Antiseptic-bonded central venous catheters 
and bacterial colonisation. Anaesthesia 1999;54:868-872. 
colonization and associated infection in immunocompromised 
transplant patients. Eur J Anaesthesiol 1997;14:428-431. 

8. Viot M. Intravenous access: related problems in oncology. Int J 
Antimicrob Agents 2000;16:165-168. 

9. Chatzinikolaou I, Raadll. Intravascular catheter-related infections: 
a preventable challenge in the critically ill. Semin Respir Infect 
2000;15:264-271. 

10. Jean G, Charra B, Chazot C, Vanel T, Terrat JC, Hurot JM, Laurent 
G. Risk factor analysis for long-term tunneled dialysis catheter- 
related bacteremias . Nephron 2002;91:399-405. 

11. Jensen AG, Wachmann CH, Poulsen KB, Espersen F, Scheibel 
J, Skinhoj P, Frimodt-Moller N. Risk factors for hospital- 
acquired Staphylococcus aureus bacteremia. Arch Intern Med 
1999;159:1437-1444. 

12. Maki DG, Ringer M, Alvarado CJ. Prospective randomised trial 
of povidone-iodine, alcohol, and chlorhexidine for prevention of 
infection associated with central venous and arterial catheters. 
Lancet 1991;338:339-343. 

13. SelwynS, Ellis H. Skin bacteria and skin disinfection reconsidered. 
Br Med J 1972;1:136-140. 

14. Fastro MS, Bond WW. Chemical disinfection of medical and 
surgical materials. In: Mayhall CG, ed. Hospital Epidemiology and 
Infection Control. 2nd ed. Washington: William & Wilkings; 1999. 
p. 881-917. 

15. Jung WK, Koo HC, Kim KW, Shin S, Kim SH, Park YH. 
Antibacterial activity and mechanism of action of the silver ion 
in Staphylococcus aureus and Escherichia coli. Appl Environ 
Microbiol 2008;74:2171-2178. 

16. Mahnel H, Schmidt M. Effect of silver compounds on viruses in 
water. Zentralbl Bakteriol Mikrobiol Hyg B 1986;182:381-392. 

17. Feng QL, Wu J, Chen GQ, Cui FZ, Kim TN, Kim JO. Amechanistic 
study of the antibacterial effect of silver ions on Escherichia coli 
and Staphylococcus aureus. J Biomed Mater Res 2000;52:662-668. 

18. Linger JB, Molinari JA, Forbes WC, Farthing CF, Winget WJ. 
Evaluation of a hydrogen peroxide disinfectant for dental unit 
waterlines. J Am Dent Assoc 200 1 ; 132: 1287- 129 1 . 

19. Szymanska J. Biofilm and dental unit waterlines. Ann Agric 
Environ Med 2003;10:151-157. 

20. Yousefshahi F, Khajavi MR, Anbarafshan M, Khashayar P, Najafi 
A. Sanosil, a more effective agent for preventing the hospital- 
acquired ventilator associated pneumonia. Int J Health Care Qual 
Assur 2010;23:583-590. 

21. Bach A, Bohrer H, Motsch J, Martin E, Geiss HK, Sonntag HG. 
Prevention of bacterial colonization of intravenous catheters by 
antiseptic impregnation of polyurethane polymers. J Antimicrob 
Chemother 1994;33:969-978. 

22. Walker JT, Bradshaw DJ, Fulford MR, Marsh PD. Microbiological 
evaluation of a range of disinfectant products to control mixed- 



Epidemiol 1994;15:227-230. 

Maki DG, Stolz SM, Wheeler S, Mermel LA. Prevention of 
central venous catheter-related bloodstream infection by use of 23. 
an antiseptic-impregnated catheter. A randomized, controlled trial. 
Ann Intern Med 1997;127:257-266. 

Van Heerden PV, Webb SA, Fong S, Golledge CL, Roberts BL, 
Thompson WR. Central venous catheters revisited— infection 24. 
rates and an assessment of the new Fibrin Analysing System 
brush. Anaesth Intensive Care 1996;24:330-333. 
Civetta JM, Hudson-Civetta J, Ball S. Decreasing catheter-related 
infection and hospital costs by continuous quality improvement. 
Crit Care Med 1996;24:1660-1665. 25. 
Loo S, van Heerden PV, Gollege CL, Roberts BL, Power BM. 
Infection in central lines: antiseptic-impregnated vs standard non- 
impregnated catheters. Anaesth Intensive Care 1997;25:637-639. 
Tennenberg S, Lieser M, McCurdy B, Boomer G, Howington E, 26. 
Newman C, Wolf I. A prospective randomized trial of an antibiotic- 
and antiseptic-coated central venous catheter in the prevention of 
catheter-related infections. Arch Surg 1997;132:1348-1351. 27. 
George SJ, Vuddamalay P, Boscoe MJ. Antiseptic-impregnated 
central venous catheters reduce the incidence of bacterial 



The Journal of Tehran University Heart Center 75 



J Teh Univ Heart Ctr 8(2) 



APRIL 28, 2013 



http://jthc.tums.ac.ir 



